BIOCHEMICAL SOCIETY TRANSACTIONS nutrient-agar plate was replica-plated on to nitrogen-limiting, 1 % lactose minimal medium. Several replicas of each plate were made and were incubated at 30°C for 3 days to guarantee maximal glycogen accumulation. The temperature was then increased to 40°C and an adequate nitrogen source added. Being lactose temperature-sensitive, strain LM 136 is incapable of utilizing lactose at 40°C and the consequent apparent carbon deficiency triggers glycogen mobilization. The replica plates were stained in series with I/KI at suitable time-intervals after transfer to 40°C. I/KI reagent specifically interacts with glycogen to give a characteristic brown stain. Monitoring the I stain provides a visual method for following intracellular glycogenolysis.
method for detecting the existence of substrate cycles in living tissues. This method measured the change in the 3H/14C ratio of doubly labelled substrate. However, to quantify fully the role of substrate cycles in metabolic regulation, one needs to be able to separate one cycle substrate from the other and to measure the 3H/14C ratio in each substrate (Crabtree, 1976) . Published studies of the fructose 6-phosphate/fructose 1,6-diphosphate substrate cycle have only measured the 'H/14C ratio in hexose monophosphates (Clark et al., 1973; Hue & Hers, 1974) .
The aim of this work was to develop a method which could achieve good separation of the sugar phosphates, not only from other metabolites, but also from each other, before measuring 3H/14C ratios. It was also desired that the method be both rapid and simple, capable of handling multiple small samples and use only limited amounts of labour and specialized equipment. Techniques for the separation of sugar phosphates (and sugar nucleotides) have been reviewed by Pontis & Leloir (1972) . Laboratory faciiities and experience made chromatography the technique of choice. The advantages of 565th MEETING, STIRLING t.1.c. over paper and column chromatography are well known (Randerath & Randerath, 1964) .
The detailed studies of Hanes & Isherwood (1949), Randerath & Randerath (1964) and Isherwood & Barrett (1967) were all carried out on cellulose-based stationary phases. Each group, however, encountered serious defects in their chromatograms owing to the interference of alkaline earth metals, traces of heavy metals and/or excess of undesirable anions. Moreover, losses of phosphate esters could occur in the tissueextraction process through either rapid enzymic interconversion or adsorption.
Traces of C104-, in our experience, can also markedly distort the shape of the sugar phosphate spots on the chromatogram. Scintillation-counting requirements added two more restrictions to the development of the method: (i) the use of colour location agents in the chromatographic separation produced unpredictable quenching effects; (ii) the necessity for homogeneous samples when counting doubly labelled samples (Dyer,
1974).
Metabolically active tissue samples are rapidly inactivated by freeze-clamping, powdered and deproteinized with ice-cold HC104 (Hess & Brand, 1974 and to ensure that the ionexchange resin is in the C1-form. The samples are spotted on the plates which are again washed, this time in aq. methanol (Randerath & Raderath, 1964) , to remove many of the non-phosphorylated substances present in tissue extracts (Isherwood & Bafiett, 1967) . The chromatogram is duveloped in LiCl/fodc acid (Randerath & Randerath, 1964 This procedure is more complex and more time-consuming than the syskm originally intended. Nevertheless, the whole process, from tissue experiments right through to the commencement of scintillation counting, can handle up to 50 individual samples per week. Many of the steps can be easily handled in batch form.
Leaves of the Crassulacean plant Bryophyllum fedtschenkoi exhibit a persistent rhythm of Cot output when maintained in a C02-free stream of air in continuous darkness and constant temperature (Wilkins, 1959) . The rhythm has all the characteristics of an endogenous circadian rhythm and there is evidence (Warren, 1964) that it is due to a periodic variation in the activity of phosphoenolpyruvate carboxylase (EC 4.1.1.31). Phosphoenolpyruvate carboxylase has been purified to homogeneity from several bacteria and higher plants, but not from succulent plants, where its physiological r61e in dark COz fixation and malate accumulation is quite different. Wilkinson & Smith (1976) have partially purified phosphoenolpyruvate carboxylase from B. fedtschenkoi. They have also presented evidence for circadian variations in the total amount of extractable activity, as have Queiroz & Morel (1974) , working with a closely related plant, Kulanchoe blossfeldiana. This might partially explain the activity variations in vivo, but whether the variations are due to periodic enzyme synthesis, periodic structural modification, or periodic changes in concentrations of metabolites can only be fully resolved with a knowledge of the molecular and regulatory properties of the purified enzyme.
We have now purified phosphoenolpyruvate carboxylase from B. fedtschenkoi to homogeneity by using (NH4)zS04 fractionation, polyvinylpyrrolidone treatment to remove pigments and phenolic compounds, dialysis, and chromatography on DEAEcellulose and hydroxyapatite. The choice of plant material and extraction buffer is rather critical for obtaining the maximum activity. We have used only leaves from young plants grown under controlled short-day conditions and an extraction buffer containing EDTA, diethyl dithiocarbamate, ascorbate and either polyethylene glycol or insoluble pol yvinylpymolidone.
Activities were measured in a standard spectrophotometric assay with malate dehydrogenase as a coupling enzyme. The activity at all stages after dialysis was stable for several days at 4°C in the presence of dithiothreitol. The phosphoenolpyruvate carboxylase fraction from DEAE-cellulose was approx. 25 % pure from the specific activity, and showed only three major contaminants on sodium dodecyl sulphate/polyacrylamide-gel electrophoresis. The fraction from hydroxyapatite was homogeneous on gel electrophoresis and had asp. activity of 23-26 pmol of product formed/min per mg of protein.
The purified enzyme consists of subunits with a single mol.wt. of 105000, and there is no evidence for the presence of isoenzymes. The enzyme exhibits Michaelis-Menten kinetics with phosphoenolpyruvate as the varied substrate (K, = 0.3m~). There is an unusually flat pH/activity profile between pH 5.2-8.5. Between 30" and 45°C a reversible loss of activity occurs; this appears to be distinct from ordinary denaturation and may represent a temperature-dependent equilibrium between two forms of the enzyme. 
